Hymenopteran parasitoids are important biological control agents in agroecosystems, and their diversity can be increased with habitat heterogeneity. Thus, the purpose of the study is to evaluate the influence of distance of rice-growing areas from natural fragment, type of crop management (organic and conventional) and crop stages (vegetative and reproductive stages) on parasitoids family diversity. The work took place in two irrigated rice crops, one with organic management (O.M.) and another one with conventional management (C.M.), in the municipality of Nova Santa Rita, RS, Brazil, during the 2013/2014 and 2014/2015 seasons. The parasitoids were collected with Malaise trap arranged at different distances in relation to the native vegetation surrounding the rice crop in both places. Specimens were collected twice a month from seeding until the rice harvest. Average abundance between management, distances and rice development were compared. The most abundant families were Platygastridae, Mymaridae, Encyrtidae, Eulophidae and Trichogrammatidae. Parasitoid average abundance was significantly higher on OM only in the second season. There was a negative correlation between distance from native vegetation and parasitoid abundance in C.M. areas. There were differences in the composition of the parasitoid assembly between the phenological stages of rice.
Introduction
Rice (Oryza sativa L.) is the second most cultivated cereal in the world, occupying an area of 158 million hectares and corresponds to 29% of the grains used for human consumption (SOSBAI, 2014) . The rice plant can be damaged by various phytophagous groups such as Hemiptera, Lepidoptera, Coleoptera and others (EMBRAPA, 2009 ).
To control these pests, chemical insecticides based on neonicotinoid, diamide, pyrethroid and carbamate are mainly used in conventional management (Brasil, 2016) . On the other hand, the production of organic rice is based on eliminating the use of synthetic chemical inputs such as fertilizers, pesticides and growth regulators, and promoting alternative technologies such as mechanization and tillage in the management of pests, including weeds, diseases and insects (EMBRAPA, 2009) . In addition, the maintenance of permanent preservation areas and the mitigation of anthropogenic pressure on natural and modified ecosystems are environmental aspects that organic rice production systems seek to obtain certification (EMBRAPA, 2009) .
Parasitoids are one of the most important groups of biological control agents in the control of pest insect populations in agricultural systems, both by the natural occurrence of the species in the environment and by their use in classic biological control programs (Hanson and Gauld, 2006) . Parasitoid diversity associated with different cultivation systems is determined by environmental, biological, and management factors (Chay-Hernandez et al., 2006) . In large monocultures, the diversity can be suppressed by pesticides, simplification of vegetation, and other environmental disturbances (Altieri et al., 2003) . In less disturbed agricultural ecosystems, the diversity of these agents appears to be related to the diversity of crops, weeds, ground cover and native vegetation next to cultivated systems (Liere et al., 2015) .
In this context, the purpose of the study is to evaluate the influence of distance of rice-growing areas from natural fragment, type of crop management (organic and conventional) and crop stages (vegetative and reproductive stages) on parasitoids family diversity.
Material and Methods

Study area
The study was carried out in the municipality of Nova Santa Rita, RS, in the metropolitan region of Porto Alegre in the phytogeographic region of the Jacuí watershed, during the 2013/2014 and 2014/2015 seasons. In this region many native trees species occur such as 'maricá' (Mimosa bimucronata (DC) Kuntze), 'corticeira' (Erythrina falcata Benth.), fig tree (Ficus luschnatiana (Miq.) Miq.), 'angico' (Parapiptadenia rigida (Benth.) Brenan), Surinam cherry (Eugenia uniflora L.), 'branquilho' (Sebastiania commersoniana (Baill.) L.B. Sm. & Downs), 'açoita-cavalo' (Luehea divaricata Mart. & Zucc.) and many others (Ministério do Desenvolvimento Agrário, 2010) . The vegetation near to the irrigated rice area is a riparian forest.
Organic Rice crop
The irrigated rice area with organic management (O.M.) is part of the Capela Settlement (Landless Rural Workers Movement Settlement) in Nova Santa Rita. It has a total area of 2169.37 hectares (INCRA, 2007) , of which 580 ha belong to COOPAN (Agricultural Production Cooperative Nova Santa Rita). Of these, 220 continuous hectares are allocated for organic rice, which is certified by the Ecological Market Institute (Instituto de Mercado Ecológico -IMO) (Lanner, 2011) . In the settlement, an area of 273.52 ha (13.68% of the total) is designated as a permanent preserve (native forest). In the organic rice field, the levees are maintained with wild vegetation.
In the first season (December, 2013 to April, 2014 , five points were defined for the installation of traps centered around this coordinate 29° 47' 16.62" S and 51° 21' 00.91" W. The first sampling point was placed on the edge of the riparian forest with some influence of the shade of the trees. From it, the other traps were positioned in a straight line into the crop.
In the area where the traps were installed, it was used the pre-germinated planting system with cultivar EPAGRI 108 which has late cycle, lodging resistance and indirect iron toxicity. It is moderately resistant to panicle blast and stands out for its excellent grain quality and high reproductive potential (SOSBAI, 2014) .
Due to the difficult access to the area in the first year, another five points were defined in the second year (November, 2014 to March, 2015 for the installation of traps (29° 46' 48.90" S, 51° 21' 48.38" W) . The management of the area was the same as in the first year.
In the first year, the traps were separated 100 m from each other, in a distance gradient starting from inside the forest to the middle of the crop, along a transecto (Figure 1 ). In the second year, the distance was extended to 200 m. Each trap site was named by the location of the Malaise trap, being O5 (Spot 5 -inside the forest), O4 (Spot 4), O3 (Spot 3), O2 (Spot 2), O1 (Spot 1 -greatest distance from forest) (Figure 1 ).
Conventional Rice crop
The irrigated rice area with conventional management (C.M.) is located in the 'Gaúcha' Farm, a private property of 300 hectares approximately 2.5 km distant from the organic management area and bordered to the southwest by the Caí River. Tillage is the planting system, and the cultivar used was IRGA428, which has a medium cycle, high productivity potential, tolerance to herbicides, tolerance to toxicity from iron excess, is moderately susceptible to leaf blast and susceptible to blast on panicle (SOSBAI, 2014) .
The conventional management adopted by the producer follows the IRGA recommendations, with the use of chemical inputs and application of agricultural pesticides according to the annual manuals for rice management (SOSBAI, 2012) . For insect collecting, the experimental design was the same of the organic management area (Figure 1) , with the points set between 29° 46' 16.65" S and 51° 21' 43.31" W, the same in both seasons. In the conventional rice field, the levees were maintained without wild vegetation by chemicals spraying.
As in the O.M. area, in the first year (December, 2013 to April, 2014 , the traps were from each other by 100 m, along a transecto, and in the second (November, 2014 to March, 2015 , the distance was extended to 200 m.
Each spot also was named by the location of Malaise trap, being C5 (Spot 5), C4 (Spot 4), C3 (Spot 3), C2 (Spot 2), C1 (Spot 1).
In the first season regulators insecticides were used (buprofezin and benzylurea) and in the second season were used non-selective (neurotoxic) insecticides (neonicotinoids and pyrethroids) (farmer personal communication Mr. Denis).
Hymenoptera sampling and identification
For sampling the parasitoids, five Malaise traps (Townes, 1972) were placed in the levees of each area (Figure 1 ). The collection method was improved, by putting PVC pipes cut in half to simulate a "gutter" in each trap, so that insects which have not reached the collecting head could drop in the "gutter" (containing water and detergent) located on the ground, comprising the entire length of the trap (Gullan and Cranston, 2008) .
Samples were collected every two weeks during two rice seasons, 2013/2014 and 2014/2015, from seeding to harvest. The traps remained mounted in the points for 24 hours and thereafter the vials with the collected insects were taken. These were transferred to 70% alcohol, labeled with the collection site, and transported to the Laboratory for Biological Control of Insects (CBLAB) of UFRGS. In the laboratory, the samples were sorted using a stereomicroscope Nikon SMZ445, selecting the hymenopteran parasitoids. The identification of families followed the classification adopted by Goulet and Huber (1993) and Sharkey (2007) . The specimens were deposited in the Education Collection at Laboratory for Biological Control of Insects (CBLAB) of UFRGS in Agronomy University.
Statistical analyses
Considering the extent of the two areas and their characteristics, it was impossible to make replicas of the samples, so that evaluations were considered exploratory.
The average capture of parasitoids was compared between areas and between crop development periods, considering the four traps installed inside the crop as pseudoreplicas, through Shapiro-Wilk normality test and analysis of variance (Kruskal-Wallis test).
The rice developmental stages were identified according to Counce et al. (2000) . Here we named indicated O.V. or C.V. (organic or conventional vegetative stage of rice) and O.R or C.R. (organic or conventional reproductive stage of rice), respectively.
For evaluating the abundance of parasitoids over the gradient of distance from traps in relation to the native vegetation, Pearson correlation test was used through the BioEstat 5.3 program (Ayres et al., 2011) .
Correspondence Analysis (CA) and Bray-Curtis Cluster Analysis plots were built through the PAST program (Hammer et al., 2001) . Plots are constructed with the main components of lines and columns allowing visualization of the relationship between groups, where the proximity of the points relating to the line (parasitoid families) and column (spots and rice stages) indicates association and the distance indicates repulsion (Greenacre and Hastie, 1987) . The Cluster Analysis groups the data in a dendogram, in which the level of similarity (or dissimilarity) is indicated on the vertical scale. On the horizontal axis, the sample elements are reported in a convenient order for the clustering (Mingoti, 2005) . 
Results
Faunistic data
3.1. 1. First Season (2013 In the first season, 1,104 individuals were collected in O.M. area, distributed in 21 families; and 860 individuals in the C.M. area, distributed in 18 families. The total average of captured individuals/trap/day was 30.3 ± 5.42 in the O.M. area and 22.3 ± 7.32 in the C.M. area in the first season, with no significant difference (H = 2.08, df = 1, p = 0.1).
Regarding the development stage of rice within each area, in the O.M., the total capture average was significantly lower in the vegetative stage (24.45 ± 6.96) than in the reproductive (40.1 ± 4.74) (H = 5.33; df = 1; p = 0.02). In the C.M., however, there was no significant difference between the vegetative (16.8 ± 10.58) and reproductive stages (29.31 ± 4.06) (H = 3; df = 1; p = 0.08).
Considering the same development stage between areas, in the reproductive stage, a significantly higher average of captures (40.08 ± 4.74) in the O.M. was observed than in the C.M. over this period (29.31 ± 4.06) (H = 5.33; df = 1; p = 0.02). In the vegetative period, there was no significant difference between the O.M. (24.45 ± 6.95) and the C.M. (16.8 ± 10.58) (H = 1.33; df = 1; p = 0.24).
The most abundant families in the O.M. were Platygastridae and Mymaridae. In the C.M., the most abundant were Encyrtidae and Platygastridae (Table 1) . (2014) (2015) In the second year's season, 1,064 parasitoids were collected in the O.M. area, divided into 19 families, and 389 individuals were collected in the C.M. area, distributed in 16 families. The total average of trapped individuals in the O.M. area was 25.38 ± 6.85 trap/day, significantly higher than in the C.M. area (8.41 ± 3.40) (H = 5.33; df = 1; p = 0.02).
Second Season
In a comparison of developmental stages within each area, the vegetative stage (17.33 ± 3.12) averaged significantly lower captures than the reproductive (29.41 ± 9.36) in the O.M. (H = 4.08; df = 1; p = 0.04), however, there was no difference between stages in the C.M. (vegetative: 10.06 ± 2.46 and reproductive: 6.7 ± 4.59) (H = 2.08; df = 1; p = 0.14). The most abundant families in the O.M. were Eulophidae, Mymaridae and Platygastridae. In the C.M., they were Platygastridae, Mymaridae and Trichogrammatidae (Table 1) .
Native forest distance effects on parasitoid abundance in rice fields
First Season
There was a negative correlation between the number of insects captured and the distance from the forest area for the C.M. (Figure 2A ), and 92% of this variation may be explained by the distance in relation to the forest next to the planting area. In the O.M., however, this correlation could not be detected.
Second Season
In the second season, there was no correlation between the distance gradients in any of the areas ( Figure 2B ), even with increased distance between traps.
Association between sampling spots, management, phenological stages and parasitoid families
In the correspondence analysis (Figure 3) , the points were represented in two-dimensional axes, indicating that the association between lines (families of parasitoids) and columns (points and stages of rice) explains 60% of the relation between two axes in the first season and 69% in the second season. In the first season, samples are mixed on both sides of the x and y axes, showing similar composition between areas (Figure 3) . Nonetheless, some families had higher relationships with certain sampling points and phenological periods of the plant. Mymaridae and Trichogrammatidae, showing confluence with the sampling areas of O.M. and both the phenological stages and with the sampling areas of C.M. and its vegetative phenological stage. On the other hand, Encyrtidae showed greater relationship with sampling areas of the C.M. in the reproductive stage. The points Organic 1 (O1) and Organic 2 (O2) were the most dissimilar from the others.
In the second season (Figure 4) , the samples of the organic and conventional managements showed dissimilarities between them, since they appear to be distributed on distinct sides, with different families relating to each area. Nevertheless, the most abundant families exhibit similarities to each other along the y axis. Platygastridae, Mymaridade and Encyrtidae appear to be in the same position on the y axis, showing to have the same importance for the composition to which they belong, being Platygastridae, on the right side, related to C.M.; Eulophidae, on the left side, related to O.M.; and Mymaridae, in center, related to both areas.
Differences between the composition and abundance of families are perceived between the two sampling years for the areas through cluster analysis. The high cophenetic correlation in the two years (0.94 and 0.85, respectively) confirms the adjustment of data to the Bray-Curtis model (Figures 5 and 6 ).
In the first season, there was similarity between the different sampled points, regardless of the adopted management. Considering a cut-off point in 60%, only the organic management points (O1 and O2) were dissimilar from the others ( Figure 5 ).
In season 2, two clusters are distinct, clearly pointing out similarities between the managements used ( Figure 6 ). All points within the crop of the organic management area showed about 75% similarity. The points relating to the conventional management area showed similarity ranging from 60% to 70%. The lowest percentage of similarity (55%) was that of the organic 5 (O5), presenting itself as independent of the others. 
Discussion
A comparison of the results between the two seasons (2013/2014 and 2014/2015) showed that in the O.M. area, the abundance of individuals was similar despite the distance between sampling points. However, in the C.M., there was much less abundance in the second season. This may be due to the use of non-selective (neurotoxic) insecticides (neonicotinoids and pyrethroids) applied to the crop in 2014/2015, different from the first season, when growth regulators insecticides were used (buprofezin and benzylurea) (farmer personal communication Mr. Denis).
Neurotoxic are the main synthetic insecticides, as they act quickly to stop damage to crops and their cost, in general, is low. They act in inhibition of acetylcholinesterase (AChE), responsible for the hydrolysis of acetylcholine (ACh) in the synaptic regions of cholinergic nerve endings (Casida and Durkin, 2013) , Thus, they reach non-target organisms, including beneficial insects like pollinators and natural enemies. On the other hand, the products that act on chitin synthesis are either ecdysteroid receptor agonists and are generally more selective to natural enemies because they act only on immature stages, having a smaller impact on adults (Bastos et al., 2006) , which may explain the difference in the results of this work.
In Brazil, Platygastridae, mainly the genera Telenomus and Trissolcus, are important biological control agents of Pentatomidae in rice crops (Maciel et al., 2007; Riffel et al., 2010) . Their high abundance within the rice fields is associated with resource availability in the crop, such as nectar, polen, mating and available hosts. Pentatomidae is common both in the vegetative and reproductive stages of rice (SOSBAI, 2014) , that can accounting for the great number of Platygastridae in both development stages of the crop.
Other highlighted families were Eulophidae (O.M.) and Encyrtidae (C.M.). For rice, Gurr et al. (2011) listed Aprostocetus formosanus (Timberlake, 1921) (Eulophidae) as parasitoids of Delphacidae in the Philippines, Vietnam, Malaysia and Thailand. Other authors have also reported individuals of Eulophidae in rice crops (Nacro et al., 1997; Williams et al., 1999; Bayegan et al., 2015) , and Gumovsky et al. (2006) described a new species of Eulophidae, genus Closterocerus, parasitoid of Dicladispa armigera (Olivier, 1808) (Coleoptera: Chrysomelidae), a major rice pest in Southeast Asia and Australasia. In rice cultivation in Rio Grande do Sul, Eulophidae also was the most abundant parasitoid family and the phytophagous registered were Curculionidae, Pentatomidae, Delphacidae and Cicadellidae (Fritz et al., 2011) .
The second most abundant family in C.M., Encyrtidae has records of hosts of rice pests in various regions of the world. For example, Kraker et al. (1999) noted the parasitism of Cnaphalocrocis medinalis (Guenée, 1854) and Marasmia spp. (Lepidoptera: Pyralidae), rice pests increasing in abundance since 1960 in many Asian countries, by Copidosomopsis nacoleiae (Eady, 1960) (Encyrtidae) (Khan et al., 1988; Dale, 1994) . Ooencyrtus nezarae Ishii, 1928 and Xenoencyrtus niger Riek, 1962 , both species introduced in the Neotropics, are parasitoids of Pentatomidae eggs (Hanson and Gauld, 2006; Taxapad, 2012) . In Brazil, Ooencyrtus submetallicus (Howard, 1886) was recorded as a parasitoid of T. limbativentris eggs in rice crops in Maranhão (Maciel et al., 2007) .
Mymaridae, a family among the most abundant in both seasons, especially in the vegetative stage in the first season, and reproductive stage in the second one, is known to attack, mostly, Auchenorrhyncha (Hemiptera). Nonetheless, this parasitoid family also attacks Coleoptera, Orthoptera and other Hemiptera (Hanson and Gauld, 2006) . These small parasitoids of eggs are recorded attacking leafhoppers, which are rice pests, of Delphacidae present in Asia and Oceania (India, China, Japan, Malaysia, Singapore, Vietnam, Sri Lanka, the Philippines, Thailand, Korea, Taiwan, Indonesia) (Gurr et al., 2011) . In Brazil, species like Tagosodes orizicolus (Muir, 1926) (Hemiptera: Delphacidae), Graphocephala sp. and Estianussp. (Hemiptera: Cicadellidae) (Didonet et al., 2001) and Deois incompleta (Walker, 1851) Mahanarva spectabilis (Distant, 1909) Mahanarava tristis (Fabricius, 1803) and Zulia pubescens (Fabricius, 1803) (Paladini et al., 2018) are recorded in rice. Therefore, the presence of Mymaridae species can be related with leafhopper on the crop.
In the C.M., the phenological stage did not influence the parasitoid composition. Other factors such as the habitat heterogeneity or the crop management may have induced the characteristics of the assembly, which has also been recorded in other studies (Tanaka et al., 2000; Gurr et al., 2011; Zhao et al., 2015) .
The correlation between the distance from the native forest to the crop in relation to the abundance of parasitoids observed in the C.M. in the first season suggests the importance of this area in the presence of these natural enemies in that crop. It is important to emphasize that the riparian forest was located close to the crop, so the edge effect was expected to influence the diversity in the first sampling points. This influence was expected to decrease along the distance gradient, with the decrease in diversity. The role of these forest fragments in maintaining the richness and abundance of parasitoids has been described by Corbett and Plant (1993) , Romeis et al. (2005) and Souza da . In the second season, this correlation was not observed due to the large decrease in the abundance of parasitoids, already discussed with relation to the management.
In the organic management area, however, the correlation between the gradient of distance was not demonstrated in any of the seasons. This can possibly be explained by the fact that it is an organic management area, not receiving chemical inputs, which negatively affects the presence of parasitoids, even in central areas of the monoculture. Moreover, as in the O.M. there is wild levees vegetation, including the presence of flowering species that increase the richness of parasitoids (Simões-Pires et al., 2016) . Therefore, the abundance may not be so dependent on the presence or proximity of the preserved area. Levees can serve as corridors extending the distances traveled by parasitoids (Gurr et al., 2011) .
The levees have been neglected as a major reserve of plants and resources for natural enemies. Nectar can maximize the longevity and fecundity of parasitoids, and pollen may allow other natural enemies during the period of prey shortage (Zheng et al., 2003) . Pest insects and natural enemies were more abundant and rich in the Philippines in rice fields surrounded by vegetated levees than in rice fields without this feature (Marcos et al., 2001; Gurr et al., 2011) . The importance of wild vegetation in rice levees has already been described in crops with organic system, increasing the presence of predators and also parasitoids (Acosta et al., 2017; Simões-Pires et al., 2016) . Thus, there is an important advantage, as parasitoids in large monocultures need to forage over large distances, leading to high costs in terms of time and energy (Powell, 1986) , affecting their distribution within the crop and consequently the distribution and population of pests (Baggen and Gurr, 1998) .
In the first season, generally samples are mixed on both sides of the axes, showing a relationship between them. This may be because, although with different managements, both areas are inserted in the same ecosystem with similar adjacent vegetation (Ministério do Desenvolvimento Agrário, 2010 ) and these environments with native vegetation can increase arthropod diversity, in general, and parasitoid diversity, more specifically, in the cultivated areas (Ferreira et al., 2014; Souza da Silva et al., 2016) . Notwithstanding, in the second season samples of the organic and conventional managements showed dissimilarities as they appear to be distributed on different sides in the correspondence analysis chart. This may be related to a non-selective treatment of chemical inputs in the C.M., leading to a compositional difference between the organic management and the conventional management areas. The similarity of the points in the areas, disassociating the managements, was expected, considering that the extensive use of insecticides affects not only the pests but also beneficial insects (Tanaka et al., 2000; Gangurde, 2007) , which leads to differences in their composition.
In the first sampling year, the sampling point organic 2 (O2) had a similarity lower than 32% with other samples, being the point with greatest dissimilarity. This may be due to differences between the number of individuals being the point with the lowest abundance of platygastrids and trichogrammatids, besides has the greatest number of ceraphronids, which is the family with greater similarity to the O2. The sampling point O1 was also different from the others, but because of the composition of families, having more singletons (those species in which only one individual has been collected) and doubletons (only two individuals collected) than the others (6). The presence of rare species in an assembly provides higher diversity indices (Magurran, 2011) and may be responsible for the dissimilarities identified.
In season 2, the lowest percentage of similarity (55%) was from the sampling point O5, gathering together the cluster of samples of the conventional management. The point O5 had a low number of mymarids and eulophids in relation to the other points and greater abundance of families Ichneumonidae, Bethylidae, Ceraphronidae and Eupelmidae. This similarity can also be seen through the correspondence analysis, which shows similarity between the point and these families. The association of a family to a certain point should be linked to the use of resources by the group, both of hosts (Plećaš et al., 2014) and alternative resources like nectar, pollen or refuge (Gurr et al., 2011) . Thus, an assessment of the phytophagous fauna present in the area could give an indication of what contributes to the composition of species of parasitoids. This aspect, however, was not evaluated in this study.
Other points showed similar compositions, and families Platygastridae, Mymaridae, Braconidae, Figitidae, Encyrtidae, Trichogrammatidae and Pteromalidae were the ones which contributed most to this in the first season. In the second, the families that contributed most were Platygastridae, Mymaridae, Eulophidae, Encyrtidae, Braconidae and Figitidae.
The differences showed in this research regard to distance gradients of the native riparian forest area in relation to rice crop highlight the importance of this refuge for parasitoids diversity, mainly in the conventional management area, where there is no levees vegetation. In the organic management, it influences is not seen, probably due to levees vegetation presence, that can provide refuge, shelter and ecological corridors for natural enemies. The chemical insecticides in rice crops can change parasitoids diversity through changes of selective inseticides to natural enemies (growth regulators) to non-selective (neurotoxic). The phenological stage of rice influences the parasitoids diversity on site and it must be related to different hosts, oftentimes phytophagous insects, in each crop development. Many studies show that the interaction plant-natural enemies is mediated by herbivore and oviposition-induced plant volatiles (HIPVs and OIPVs, respectively) in crop systems. The plants use them against herbivores, and it can vary according to the herbivore and phenology of the plant itself (Blassioli-Moraes et al., 2016) .
